The concept of standard precautions (SP) has been a cornerstone of dental infection control (IC) practice. Full adherence with SP guidelines is still a matter of concern in many institutions. The objectives of the present study were to assess and characterise compliance with SP guidelines among dental healthcare workers (DHCWs) and to analyse factors that affect compliance.
Introduction
The intimate contact between patients and dental professionals and sharp instruments occurs under conditions of limited accessibility and poor visibility, during invasive procedures which frequently cause bleeding, and in the oral cavity which harbours a diverse, abundant and complex microbial community. This work environment exposes dental healthcare workers (DHCWs) to the risk of acquisition of blood-borne pathogens, including hepatitis B, hepatitis C, HIV and other potentially serious infectious diseases (Walsh, 2011) .
The 2003 Center for Disease Control (CDC) Guidelines (CDC, 2003) are a comprehensive and evidence-based source for infection control practices relevant to the dental clinic that have been developed for the protection of DHCWs and their patients. It reduces the risk of transmission of microorganisms from known and unknown sources of infection (blood, body fluids, excretions, secretions, etc.). These standard precautions (SP) apply to all patients regardless of their diagnosis or presumed infection status. The principles of SP include: hand hygiene; the use of personal protective clothing, e.g. gloves; surgical masks; eye protection; management of healthcare waste; correct handling and disposal of needles and sharps; effective cleaning; decontamination and sterilisation of equipment; instruments and environment; and use of appropriate disinfectants.
Clinical dental and auxiliary staff should additionally protect themselves by ensuring up-to date immunisation against hepatitis B and other infectious disease (CDC, 2011) .
All dental staff engaged in any aspect of the care of the patients should receive thorough training and understand the policies adopted in the practice of prevention of crossinfection and cross-contamination (CDC, 2003) .
In spite of the long period since the introduction of the concept of SP, full adherence is still a matter of concern in many institutions, even in developed countries (Oosthuysen et al., 2014) . Lack of appropriate knowledge of SP, lack of personal protective equipment (PPE), low-risk perception and low perception of institutional safety environment were frequent factors linked to non-adherence to SP (Gammon et al., 2008) .
This survey was undertaken to assess the level of compliance with SP and its determinants among DHCWs in healthcare facilities in Hail Region, Saudi Arabia, in order to provide useful information for formulating evidence based training programs to promote safer dental healthcare.
Methods

Study design and location
A cross-sectional study was conducted between August to November 2014, among DHCWs in Hail Region, Saudi Arabia. The region is located at the north of the country in four governorates with an area of 103,887 km 2 and an estimated population of 670,468 (2014) (Central Department of Statistics, 2015) . Dental healthcare services in the region are provided through 131 public and 37 private dental facilities (Dental Department, 2015) .
Participants
DHCWs in all dental health facilities in the region that have direct daily contact with patients or specimens were the target population for the study. The total number of registered DHCWs in the region at the time of the survey was 471, of whom 274 were dentists and 197 full-time dental assistants (Dental Department, 2015) . The survey aimed to reach all registered DHCWs during the survey period. Staff who were on annual vacations, maternity leave, newly employed or engaged in administrative work were excluded.
Data collection tool
An anonymous, self-administered, pre-coded, structured questionnaire was used to assess the knowledge and practice of SP among the survey participants. The content of the questionnaire was developed from the literature on SP guidelines (CDC, 2003) . The final data collection form has four main parts. The first part comprised eight questions on basic characteristics and biographical data (age and gender), assignment, affiliation, experience as a healthcare worker, previous training in infection control, adequacy of training and hepatitis B immunisation status. This section also included questions on the availability of a written infection control guidelines, instruction on the guidelines from the infection control team during workplace and work practices inspections and what to do in case of exposure to sharp injuries or to blood and body fluids. The second part contained eight questions which sought to ascertain the level of knowledge and understanding of the concept of SP, covering the following areas: general concept, hand hygiene, PPEs, dealing with needles and sharps, disinfection and environmental sanitation, sharps injuries and other occupational exposures to blood and body fluids, and transmission of blood-borne diseases. Items were in the form of closed questions (true or false, and multiple-choice options). The third part comprised seven questions to ascertain the level of compliance with SP, covering the following areas: compliance with SP guidelines with all patients all the time; wearing gloves in situations of high risk of exposure to biological agents such as dealing with procedures involving exposure to blood and other potentially infectious materials; hand hygiene before wearing gloves; hand hygiene after removing gloves; disposal of used needles and sharps separately from other wastes; compliance with safe handling of biological specimens; and compliance with precautions taken to prevent environmental spread of infectious material. The fourth part contained three questions concerned with the perception of institutional commitment to infection control requirements, including: provision of adequate supplies of PPEs; availability of hand-washing facilities with clean running water and hand hygiene products; and providing sufficient supplies for the collection of sharps and medical wastes.
A pilot test of the data collection tool was conducted with 20 dentists and dental assistants during dental symposium in February 2014.
Face and content validity of the questionnaire was assessed by four experts in the field of infection control and occupational health. The reliability was assessed by using Cronbach's alpha. The value of the coefficient for the overall items of the questionnaire was 0.73. A reliability coefficient (0.79) for the subsets of items included to ascertain the compliance with SP guidelines (practice); (0.78) for items included to ascertain institutional commitment with infection control requirements and 0.41 for knowledge subset of questions were estimated.
Questionnaire administration
The data collection took place between August and November 2014. Three trained coordinators who did not have any medical, supervisory or administrative responsibilities at the time of the survey distributed questionnaires to participants present in each dental clinic at the time of the survey. Before questionnaire administration, coordinators gave a briefing on the aims of the study, emphasised the right of non-participation and confidentiality of the process. Participants were asked not to disclose their identity to assure them that this survey was only for academic purposes. Completed questionnaires were collected from each facility after 2 days of distribution.
Statistical analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS) software, version 20.0 (SPSS, Chicago, IL, USA). Frequencies and percentages, means and standard deviations were used to summarise data, and Mann-Whitney U and Kruskall-Wallis tests of significance were applied, where appropriate.
For knowledge questions, a scoring system was assigned for the included items: 1, correct response; 0, incorrect and 'do not know' responses. For practice questions (compliance with SP) and questions related to institutional commitment with IC requirements, a scoring system was assigned for the included items: 1, for 'never'; 2, for 'rarely'; 3, for 'sometimes'; and 4 for 'always'. A scale was created for each domain with points attributed for each question, with maximum score of 8, 28 and 12 points for knowledge, practice and institutional commitment with IC requirements, respectively. To confirm whether the participants had good knowledge or good compliance, a correct response percentage of 75% or more was considered adequate. Indication of full compliance with SP was set at 90% of the maximum score to capture the important predictors of full compliance.
Compliance with SP guidelines as an outcome variable was analysed with binary logistic regression against the possible independent variables including demographic, professional and workplace characteristics, institutional factors; awareness and knowledge of SP guidelines, perceived institutional commitment with infection control requirements, and exposure to sharp injuries and/or to blood or body fluids (listed in Table 1 ). Any variable resulting in a value ≤0.25 in the univariate analysis was included in the multivariable model. The variables included in the model were then subjected to a backward multivariate logistic regression analysis to control the effect of confounding and determine the significant independent predictors. The results of the logistic regression analysis are presented as odds ratios (ORs) and 95% confidence intervals (CIs). A two-sided P value for all tests <0.05 was considered significant.
Ethical considerations
The protocol of the study was reviewed and approved by the Regional Bioethics Committee of the General Directorate of Health Affairs, Hail region, with the approval number 2014/3 dated 11/8/2014. Prior permission for the research proposal and data collection tool was obtained from the local health authority in Hail Region and individually from each health facility participated in the survey. Anonymity and confidentiality of the responses were maintained and voluntary participation and the right to non-participation was emphasised. Participation was considered as an informed consent.
Results
Of the 420 questionnaire distributed, a total of 318 were returned giving an initial response rate of 75.7%. A total of 11 questionnaires were incomplete and excluded from the analysis, giving a final response rate of 73.1% (307). Respondents from the private sector were less likely to participate in the survey compared to the respondents from the public sector (n = 129) 65.4% vs. (n = 189) 86.7%. Yet, the population was fairly representative for assignment, gender and age distribution compared to the reference population (Dental Department, 2014) .
Of all participants, 165 (53.8%) were dentists and 142 (46.2%) were dental assistants. The age range was 20-59 years (mean age, 34.87 ± 8.67 years); dental assistants were younger with mean age (30.35 ± 7.78 years) compared to dentists (38.76 ± 7.44). Overall 96 (58.9%) dentists had practised ≥10 years, while dental assistants had less experience with only 24 (17%) having practised ≥10 years. The female-male ratio was 1:3.1 among dentists and 3.3:1 among dental assistants. A total of 189 (61.6%) belonged to the public sector, the 118 others (38.4%) were from the private sector. Table 2 displays the demographic and basic characteristics of the participants. Table 3 describes the professional and institutional characteristics of the participants. Most of the participants (84.4%) received training in infection control with a significant difference (P = 0.002) between dentists (90.3%) and dental assistants (77.5%) and between participants from the public (90.5%) and private sectors (74.6%) (P <0.001).
For assessment of participant knowledge (with maximum possible knowledge score of 8), the mean score (SD) was 4.91 (1.54); with median 5 (upper quartile score 6, lower quartile score 4). The minimum expected mean (75% of the maximum score) was 6 points. Only 38.4% achieved this minimum expected knowledge score. Comparing the two groups, the mean knowledge among dental assistants was 4.46 (±1.50) and the median was 5.0, compared to mean (SD) 5.30 (±1.47); the median was 6.0 among dentists, with significant statistical difference (P <0.001).
The majority (88.9%) of the participants received hepatitis B vaccination, but only 67.5% had HB antibodies checked after vaccination.
With a maximum possible score of 28 for compliance with SP (practice), the mean score (SD) was 24.86 (3.40); with median 26 (upper quartile score 27, lower quartile score 23). The majority (90.1%) of the staff scored 75% of the maximum score.
Comparing the two groups, the mean compliance score among dental assistants was 24.96 (±3.18) and the median was 25.5; among dentists the mean was 24.79 (±3.60) and the median was 26.0, with no significant statistical difference (P = 0.724). Table 4 depicts the mean scores ± SD and the percentage of attainment for every individual item of practice included in the compliance scale compared to the maximum score (maximum possible score of 4 for every item). Table 1 presents the results of logistic regression analysis of demographic, professional and institutional factors associated with good compliance with SP guidelines among DHCWs. In the univariate analysis, the following predictors were found to be positively associated with the compliance behaviour with SP: female gender (OR, 1.70; 95% CI, 1.02-2.83; P = 0.041), awareness of SP guidelines (OR, 5.26; 95% CI, 2.06-13.44; P <0.001), instruction in infection control guidelines (OR, 3.00; 95% CI, 1.25-7.21; P = 0.014), instruction about what to do in case of exposure to sharp injuries and /or exposures to blood and body fluids (OR, 9.44; 95% CI, 3.18-28.03; P <0.001), higher perception of institutional commitment to infection control requirements (OR, 4.29; 95% CI, 2.83-6.51; P <0.001), higher knowledge scores (OR, 1.32; 95% CI, 1.10-1.59; P = 0.003) and the received training described as adequate (OR, 4.06; 95% CI, 2.08-7.91; P <0.001). Those who experienced sharp injuries and/or exposed to blood and body fluids reported lower compliance with SP guidelines (OR, 0.48; 95% CI, 0.29-0.81; P = 0.00).
In multivariate logistic regression model, adjusting for other predictor variables, perceived higher institutional commitment to IC requirements (OR, 3.82; 95% CI, 1.91-7.64; P <0.001), received training described as adequate (OR, 4.08; 95% CI, 1.71-10.45; P = 0.002), younger age (≤40 years) (OR, 0.23; 95% CI, 0.07-0.82; P = 0.023) and dentist job (OR, 4.08; 95% CI, 1.32-12.61; P = 0.014) were the factors that independently predicted compliance with SP guidelines.
Discussion
Data about infection control practices among DHCWs in Hail Region is lacking. This survey was conducted to explore the compliance of DHCWs with SP guidelines in the region in order to guide infection control activities and training programmes and improve the safety climate in dental healthcare facilities.
Most of the participants (86%) were aware of the standard precautions guidelines and had received training in infection control (84%) This level of awareness was comparable to DHCWs in some other Gulf countries (Mustafa et al., 2015) .
The results of the study demonstrated a good compliance with the SP guidelines. More than 90% reached a reported compliance score of 75% of the maximum score, and more than half of the staff (52%) attained 90% of the score or higher. Although these figures may represent an overestimate because they are derived from self-reporting of adherence to infection control practices (Larson et al, 2004) , they are better than the findings of a previous study in 2002; which identified an 8.4% self-reported compliance with infection control procedures among dentists in Riyadh (Al-Rabeah and Mohamed, 2002) . This could be in part due to higher institutional commitment towards establishing a safer dental healthcare, based on providing training, satisfying infection control requirements for both structure and process, and the investment of considerable resources into improving the quality of healthcare. The crucial influence of institutional factors on compliance with SP was demonstrated in our study. Two independent predictors for good compliance out of four in the multivariate logistic regression model reflected this influence: the perceived commitment of the institutions to satisfy infection control requirements and the perception of adequacy of the received training. This implies that it is essential to emphasise, maintain and improve the structural support for infection prevention within the institutions to assure compliance with SP. The present study also demonstrated the importance of providing adequate supplies of PPE, containers used for collection of sharps and medical wastes, and hand-washing facilities with clean running water and hand hygiene products. This result was similar to the findings from other studies in which 'availability of protection equipment' was correlated with compliance with SP (Amoran et al., 2013; Garland, 2013; Gershon et al., 1995; Gulilat et al., 2014) .
Adequate training is also an important influence on compliance with SP. The results of this study showed that 'describing the training provided by the institution as adequate' was an independent predictor of good compliance with SP. As reported by previous studies, training programmes for prevention of occupational exposures to blood-borne pathogens play a major role in enhancing knowledge and safe behaviour of HCWs (McCarthy et al., 1999; Shaghaghian et al., 2014; Wang et al., 2003; Yang and Mullan, 2011) . Our study corroborates other studies which have demonstrated that staff with good practice have better knowledge (Abdulraheem et al., 2012; Al-Rabeah and Mohamed, 2002; Gershon et al., 1995; Michalsen et al., 1997; Snyder, 1993; Tada et al., 2014) .
The discrepancy between reported knowledge and practice identified by this study as indicated by a better practice score (90% of the staff achieved 75% of the maximum score) than the knowledge score (only 38% achieved 75% of the maximum score) may reflect the propensity of people to inflate their socially desirable behaviours when selfreporting (Larson et al, 2004) . However, it might be also attributed in part to the compulsory rules of the institutions that necessitates the use of gloves and other PPEs, separation of needles and sharp objects in sharp containers and the availability and easy access to other IC equipment.
In our study, we found that DHCWs with lower compliance were more likely to report sharp injuries and/or exposure to blood and body fluids, confirming the importance of compliance with SPs in protecting from exposure to BBVs, a finding consistent with other studies (Gershon et al., 2009) . Women were found to report a better compliance with SP, which was a frequent finding in similar studies (Gershon et al., 1995; McCarthy et al., 1999; Vaz et al., 2010) , but contrary to some others (Tada et al., 2014) . Younger age was found to be independently associated with good compliance with SP guidelines. This finding is consistent with those of other researchers who determined that younger healthcare professionals were more inclined to implement clinical practice guidelines than were older professionals (Cleveland et al., 2012; Francke et al., 2008) .
Vaccination is one of the best ways to protect healthcare workers from infections, but vaccination is only available for HB virus. HB vaccine is 95% effective in preventing the disease and its chronic consequences (WHO, 2009) . Earlier reports about hepatitis B vaccination converge among DHCWs in Saudi Arabia highlighted low coverage. In 1991, only 25.3% of dental specialists, 14.4% of dental practitioners, 25.5% of dental assistants and 42.9% of hygienists were vaccinated (Al-Ruhaimi, 1991) . In 2002, a better vaccination coverage (63.5%) was reported among dentists of the private dental sector in Riyadh (Al-Rabeah and Mohamed, 2002) . The majority (88.9%) of the participants in the present study received HB vaccination, which is equal or higher than the rates reported from recent studies in Saudi Arabia (Al-Dharrab and Al-Samadani, 2012; Alqahtani et al., 2014; Al-Hazmi, 2015) and other countries (Adekanle et al., 2015; Giri and Phalke, 2013; McCarthy and MacDonald, 1997; Osman et al., 2015) . The high rate of HB vaccine utilisation can be explained by being mandatory for all healthcare workers, available in all institutions and provided free of charge. Post-vaccination testing for antibody to hepatitis B surface antigen (anti-HBs) response is indicated for DHCWs who have blood or patient contact and are at ongoing risk for injuries with sharp instruments or needlesticks. Knowledge of antibody response should guide appropriate post-exposure prophylaxis (CDC, 2003) .
Our study found only 67.5% of staff had their HB antibodies checked. This is of concern because a recent report from south-western Saudi Arabia suggested that a considerable proportion of HCWs (23.3%) and health students (66.7%) were lacking anti-HBs and are susceptible to HB infections (Alqahtani et al., 2014) .
We found that DHCWs in the private dental healthcare setting were significantly less likely to have received HB vaccination compared to their colleagues working in the public sector (82.8% compared to 92.6%) and to have a post vaccination HB antibody titre assessment (60.2% compared to 71.6%). This important problem should be addressed by the employing institutions.
Limitations
The results of our study may be subject to some limitations common to surveys. A major limitation is that measuring compliance on bases of self-reporting is likely to be associated with over-rating (Larson et al., 2004) . Direct observation prospectively would be of value in verifying and complementing the present survey. Our research investigated exposures retrospectively which may be associated with recall bias, particularly in relation to sharp injuries and/or blood and body fluids; although less likely for important events (hepatitis B vaccination), or events practised repeatedly in daily work such as hand washing, disposal of sharps, etc. The knowledge subset of questions of the survey had low reliability (Cronbach's alpha <0.7), which could be due to relatively concise items in the subscale and variability; the knowledge subset of questions assessed a wider variety of aspects regarding infection control, therefore, heterogeneity of the knowledge subscale may have led to the low Cronbach's coefficient. A more detailed knowledge questions will be considered in a subsequent study. Another limitation in the sample is that respondents from the private sector were less likely to participate in the survey compared to the respondents from the public sector (65.4% vs. 86.7% response rate, respectively). Yet, the population was fairly representative for assignment, gender and age distribution and both response rates were reasonable.
In conclusion, this study has indicated good self-reported compliance with SP guidelines among DHCWs, but this needs to be verified by a further direct observation study. The study also confirms the importance of infection control education in increasing compliance with SP and the need to especially target dental assistants and HCWs in the private sector. Training programs should be tailored to satisfy the educational needs of these audiences.
